Background: Previous studies have reported that both arthroscopic debridement (AD) and open debridement (OD) of extensor carpi radialis brevis are effective in the treatment of lateral epicondylitis. Despite this, few studies have focused on the comparative outcomes of these 2 procedures. The aim of this study was to assess whether AD is superior to OD in managing lateral epicondylitis.
Introduction
Lateral epicondylitis, referred to as "tennis elbow," is the most common elbow disease in patients aged between 35 and 50 years old, with approximately 1% to 3% prevalence rate. [1, 2] Extensor carpi radialis brevis (ECRB) is the most injured tendon of the elbow due to overuse and repetitive stress activities. [3] Although symptoms of lateral epicondylitis can resolve spontaneously after nonoperative treatment, about one in 10 patients without resolution after 6 months of onset may need surgical intervention. [4] Traditional surgical treatment involves open debridement (OD) of the ECRB origin, generally performed when symptoms cannot be released by conservative treatment such as steroid or platelet rich plasma injections and physiotherapy after 6 to 12 months. Recently, arthroscopic debridement (AD) has also become increasingly popular as a less invasive alternative to traditional OD. Some authors claimed that OD would violate the extensor aponeurosis to gain intra-articular visualization. [5, 6] Previous systematic reviews have reached different conclusion in regard to the clinical outcomes of AD and OD of ECRB. In 2007, a systematic review of 33 papers found that both OD and AD are effective for refractory lateral epicondylitis. [7] In 2017, Burn et al [8] reported a systematic review with high-level evidence to compare open and arthroscopic techniques for treating lateral epicondylitis, and they reported no clinically significant differences between open and arthroscopic techniques in terms of disabilities of the arm, shoulder, and hand (DASH) scores, pain intensity, and patient satisfaction at 1 year after surgery. In 2017, Pierce et al [9] also performed a systematic review, and they reported that there was no difference in DASH and patient satisfaction between open and arthroscopic techniques while arthroscopic approach had less pain compared with open approach. More recently, in a review in 2018, Lai et al [10] reported that arthroscopic approaches may result in faster recovery and earlier return to work (RTW). Riff et al [5] also performed an updated systematic review to compare outcomes of open and arthroscopic surgical techniques for lateral epicondylitis, and reported a greater proportion of patients were pain free in the open group than in the arthroscopic group (70% vs 60%). They recommended OD as the technique most likely to achieve a pain-free outcome. While these systematic reviews have assessed the efficacy of open and arthroscopic techniques, no studies have performed a meta-analysis on the comparative outcomes of these 2 procedures.
The purpose of the current study was to systematically review the existing literature comparing arthroscopic and open ECRB debridement techniques for lateral epicondylitis, and to perform a meta-analysis to compare their pooled effects of functional outcomes. Our hypothesis was that these studies would favor the AD with regards to clinical outcomes and complication rate comparing with the OD.
Materials and methods

Search strategy
Multiple comprehensive databases including PubMed, Embase, and the Cochrane Library databases were searched in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines by 2 independent reviewers, with a senior author arbitrating on any disagreement. [11] No restrictions were placed on languages and dates. The detailed search strategy was as follows: (lateral epicondylitis OR tennis elbow OR ECRB) AND (surgery OR operative OR surgical OR open OR arthroscopic OR endoscopic).
The title and abstract were reviewed by 2 independent reviewers for all search results, and potentially eligible studies received a full-text review. Finally, the reference lists of the included studies and literature reviews found in the initial search were manually screened for additional articles meeting the inclusion criteria. When 2 published studies reported on the same population, the more recent study was retained.
Eligibility criteria
The inclusion criteria for clinical trials were as follows: English language only; clinical studies after surgical debridement or release comparing open and arthroscopic techniques, including randomized controlled trials, prospective cohort studies, retrospective cohort studies, and case series studies; at least 10 patients after debridement of ECRB for chronic tennis elbow; the mean follow-up time must be more than 12 months; and full text of studies available. The exclusion criteria were as follows: noncomparative studies; failure to report postoperative clinical or functional outcomes; review studies; cadaveric studies; biomechanical studies; surgical techniques; and studies with a follow-up period of 6 months or less.
Quality assessment
The Jadad scale was used to evaluate the methodologic quality of randomized studies [12] and the Newcastle-Ottawa scale (NOS) was used to evaluate the methodologic quality of nonrandomized studies. [13] The Jadad is a 5-point scale with ≥3 points considered as relatively high-quality study, and the NOS is a 9-point scale with ≥7 points graded as relatively high-quality study. [14] Each study was independently assessed by 2 authors and any disagreement was resolved by discussion.
Data extraction
Two blinded reviewers conducted data extraction and analysis using a predetermined data sheet. The relevant information included the following: study design, population size, population age, failure rate, postoperative functional outcomes measures, satisfaction, RTW, and follow-up time points. Failure was defined as poor outcome, or the need for further operative intervention. The functional outcomes focused on visual analog scale (VAS) score, DASH questionnaire. The detailed information of complication was also summarized.
The study was approved by the Health Sciences Institutional Review Board of Dongyang Hospital of Wenzhou Medical University.
Statistical analysis
All statistical analyses were performed using Review Manager 5.3 software (The Cochrane Collaboration, London, United Kingdom). Mean values were calculated for age, and follow-up time. Heterogeneity between studies was quantified using the I 2 statistic. [15] An I 2 value of <25% was chosen to represent low heterogeneity and an I 2 value of >75% to indicate high heterogeneity. Random effects models were used when the I 2 value was >50%; otherwise, fixed-effects models were used. When the range was given instead of a standard deviation, the standard deviation was calculated using a previous method by Hozo et al. [16] For data with different dimensions among researches, effect measurement of standard mean difference was selected. For data unable to be merged due to inconsistent or absent data type, a descriptive analysis was performed. A P value of <.05 was considered to be statistically significant.
Results
Study selection process
The initial literature search resulted in 1361 total studies. After removal of duplicates, the articles were screened for inclusion and exclusion criteria, and 58 unique studies were evaluated and full texts were assessed for eligibility. Details on screening process, inclusion criteria, exclusion criteria are shown in Figure 1 . Finally, 6 clinical trials were included in this review (Fig. 1 ). The 6 studies included 608 patients, with 232 patients using OD and 376 patients using arthroscopic method. Of the 6 studies, 1 was mid-term studies (mean or median follow-up time was 5-10 years), 4 were short-term studies (mean or median follow-up time was less than 5 years), and 1 was unknown. The study characteristics are summarized in Table 1 . The results of our meta-analysis are summarized in Table 2 . [17] [18] [19] [20] [21] [22] 
Failure rate
Failures were reported in 4 studies, comprising a total of 479 patients (169 in the OD group and 310 in the AD group). The analysis showed there was no significant difference of failure rate between the OD group (5.9%) and the AD group (6.4%), and the Kim et al [19] 
VAS pain score
Postoperative VAS pain scores were reported in 4 studies. It should be noted that different score scales were used in different studies. Rubenthaler et al [17] defined VAS with 1 for total loss of pain and 6 for intolerable pain. Szabo et al [18] and Kim et al [19] defined 0 as no pain, and 10 as worst pain reportable. Clark et al [20] defined VAS with a 5-question questionnaire with 50 items in total. All of them reported there was also no significant difference between groups. As only one study reported the mean and standard deviation, the pooled estimated mean for the postoperative VAS was not calculated.
DASH score
QuickDASH or DASH scores were reported in 3 studies, [19] [20] [21] which consisted of 146 patients in OD group and 292 patients in arthroscopic group. In the study by Solheim et al, [21] it was observed that the mean QuickDASH score was significantly better in the arthroscopic group ( [20] found that there was no significant difference of DASH score between the arthroscopic group (23.5 [19] found that there was also no significant difference of DASH score between the arthroscopic group (30.3 Only the DASH results from Clark et al [20] and Kim et al [19] were pooled for analysis. The analysis showed that there was no significant difference between the OD group and the AD group (mean difference [MD], -1.29; 95% CI, -3.19 to 0.60; P = .18) ( Fig. 3 ).
Return to work
The time of RTW after surgery was reported in 3 studies. Peart et al [22] reported that the mean time of RTW was 2.5 months for the open group vs 1.7 months for the arthroscopic group. Rubenthaler et al [17] reported that the time off work was 3.3 weeks for the endoscopic group and 3 weeks for the open treated group. Kim et al [19] reported that the mean time to RTW was 5 weeks for the open group vs 3 weeks for the arthroscopic group.
Time of surgery
The surgical time was reported in 2 studies. Rubenthaler et al [17] reported that the average surgery time was 36 minutes (range, 17-58 minutes) for the AD group and 27 minutes (range, 13-43 minutes) for the OD group. Clark et al [20] reported that the duration time of surgery of the AD group (34.0 ± 2.9 minutes) was significantly longer than the OD group (22.5 ± 1.3 minutes). Peart et al [22] (2004) OD: 9% AD: 7% N/A N/A OD: 10 AD: 6.8 N/A OD: 0 AD: 3.4% Rubenthaler et al [17] There was a statistically significant difference of surgical time in favor of the OD group (MD; -11.45, 95% CI, -12.45 to -10.44, I 2 = 0%, P < .001) ( Fig. 4 ).
Complication
The overall complication rate was reported in 4 studies. Peart et al [22] reported 1 patient in the arthroscopic group developed a postoperative infection. Rubenthaler et al [17] reported the arthroscopic group had 1 postoperative hematoma and 1 superficial subcutaneous infection. Solheim et al [21] did not report any major complications. Kim et al [19] reported that the OD group had 1 patient with a superficial infection of the surgical wound. The analysis showed that there was no significant difference of complication rate between the OD group (0.6%) and the AD group (1.0%) (MD, 0.62; 95% CI, 0.12-3.06; P = .55) ( Fig. 5 ).
Discussion
Treatment of recurrent lateral epicondylitis or tennis elbow remains challenging, which may require surgery in order to achieve pain relief and improve function. The purpose of this study was to determine whether there was a difference in outcomes between OD and AD of the ECRB by performing a systematic review of all comparative studies. The most important finding from the current study was that the arthroscopic surgery had a longer surgical time than the open surgery. In addition, there was no difference between the 2 operative techniques when examining the failure rate, VAS score, or DASH. Additionally, it was found that the complication rates were similar between the arthroscopic and the open procedure. Previously, Cummins [23] reported that residual microscopic tendinopathy is often present after AD and residual microscopic tendinopathy. Microscopic tendinopathy correlated with poorer surgical outcomes in regard to patient's rating of their worst level of pain. Thus, there is a concern if the arthroscopic group has a poorer result compared with the open group. In this meta-analysis, we noted no significant difference of failure rate between the OD group (5.9%) and the AD group (6.4%). Here, cases with poor results were defined as failure cases. This finding indicated that the poor outcomes might not be related with the surgical modalities. There might be other factors resulting in poor outcomes. Szabo et al [18] reported that failures were related to dystrophy or complex regional pain syndrome. Previously, Solheim et al [24] found that high baseline disability, sudden occurrence of symptoms, long duration of symptoms, female gender, and young age were found to be weak predictors of poor outcome. Yoon et al [25] reported that preoperative tendon status and sex were associated with dissatisfaction and poor postoperative outcomes after the arthroscopic release procedure. Recently, Guillou et al [26] analyzed the prognostic factors for lateral epicondylitis treated by arthroscopy, and they found that smoking was statistically related to a poor result and a longer follow-up time was statistically related to a good result.
The present systematic review found that there was also no significant difference of VAS between groups in each study. Moreover, the pooled analysis of DASH score showed that there was no significant difference of the DASH score between the 2 groups. In the study by Solheim et al, [21] it was observed that the mean QuickDASH score was statistically significantly better in the arthroscopic group compared with that in the open group at the median 4-year follow-up. They presumed that the possible explanation for the improved clinical outcome in the arthroscopic group (compared with the open group) was due to the large number of patients included in their study. However, the studies by Clark et al [20] and Kim et al [19] found that there was no significant difference of DASH score between groups at 1 to 2 years follow-up. As both the traditional open technique and the arthroscopic approach resulted in a good or excellent functional outcome, [27] [28] [29] [30] [31] it might be difficult to detect a significant difference between the 2 groups because of a ceiling effect. [21] Regarding satisfaction, Kim et al [19] reported that the satisfaction rate was 100% in the OD group and 88% in the AD group. They presumed that unsatisfied patients might be instead unsatisfied with workers' compensation. Although results were similar for the compensated patients and noncompensated patients in the study by Peart et al, [22] it was indeed noted that the noncompenstaed patients had 18% poor rate while the compensated patients had 0% poor rate. Interestingly in the study by Szabo et al, [18] 4 patients underwent open surgery on 1 side and arthroscopic surgery on the other side and they stated that they were more satisfied with the arthroscopic procedure despite similar overall scores comparing the 2 sides. The arthroscopic group had a much smaller incision compared with the open group, which made patients feel more comfortable.
In the present review, the complication rate was very low in both groups. There was no statistically significant difference in the total complication rate between arthroscopic and open approaches. A concern raised in an arthroscopic study acknowledged the possibility of neurologic injury that may be inadvertently caused during the arthroscopic procedures. [32] In the included 6 studies, no nerve injury was reported. In a recent review documenting complications of lateral epicondylar release, Pomerantz [33] reported that the complication rate was 4.3% for open procedure and 1.1% for arthroscopic procedure. In case of higher-level studies, the complication rates were 1.3% for open procedure and 1.2% for arthroscopic procedure. In a large database with 2106 surgical cases for the treatment of lateral epicondylitis, it was found that there was no difference in overall self-reported complication rates between open (4.4%) and arthroscopic (5.5%) procedures. [34] This study has several limitations. Firstly, the publication time of the included studies ranged from 2004 to 2018. Particularly for the arthroscopic technique, the technology can vary greatly from time to time. Considering that the ECRB is a relatively superficial extra-articular structure, technical requirements for arthroscopy are not very high. Thus, this technique difference may have a very tiny influence on patient-reported outcomes. Furthermore, there were differences in mean follow-up times among the included studies ranging from 12 to 93.6 months. Since a longer follow-up time was statistically related to a good result, [26] one could question whether outcomes would be influenced with different follow-up times. However in the study with 12 months' follow-up by Clark et al, [20] the patients had already recovered and no significant difference of functional scores was found. Thus, the influence of follow-up time may be relatively small. Finally, most of the included studies had a low level of evidence and were retrospectively conducted, thus making selection bias a possibility.
Conclusion
In this meta-analysis, we found a similar effectiveness of both AD and OD of ECRB in relieving pain and improving self-reported function in the treatment of lateral epicondylitis. There was no significant difference between arthroscopic and open surgery with regards to failure rate, functional outcome scores, and complication rate. The current meta-analysis found that arthroscopic surgery had a longer surgical time than the open surgery for lateral epicondylitis.
